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In this paper, we describe a simple approach to the fabrication of a switchable multifocal lens for smart contact 
lenses or other compact devices. A combination of a multi-zone static multifocal lens with a liquid crystal based 
zone selector yields the desired optical behavior. 
 
Figure 5: Bifocal contact lens with zone selector 
Tunable lenses without moving parts have received a lot of attention in the last decade [1], with applications 
ranging from endoscopy [2] over smart phones to corrective eyewear [3]. Existing implementations include 
Fresnel-like or other circular grating-like diffractive optical elements in combination with a layer of liquid crystal 
(LC). The electrical tunability of the refractive index of the liquid crystal is used to generate a lens with tunable 
optical power. Although proven, the concept has a number of drawbacks. First of all, the tunability only works 
for one polarization of the light. That means that either a polarizer has to be added, thereby reducing the light 
transmission and increasing the thickness of the whole system, or a second component, whose preferred 
polarization is oriented perpendicularly to that of the first one, has to be stacked on top of it, also adding to the 
thickness as well as to the complexity of the system. Secondly, both the operating voltage and the response 
time of this type of components are higher than desired, due to the non-uniform LC layer thickness and the 
voltage drop across the thickest parts of the circular grating. Finally, the diffractive nature of the component can 
lead to severe color dispersion and the vertices of the Fresnel-like structures lead to scattering of light, 
manifesting itself as haze.  
Other implementations are based on the so-called electrowetting effect or on piezo electric actuators. These 
approaches also work, but require very high voltage levels [4]. 
In this paper a much simpler implementation is proposed that can be used in active multifocal contact lenses. 
It is known from optics theory that a fragment of a broken lens still has the same functionality as the complete 
lens. We can use this to our advantage by composing a new lens from fragments of lenses with different optical 
power. In the simplest case, we can cut two lenses in half along a diameter and then combine one half of one 
lens with one half of the other, to come to a combined lens with 2 powers. Such a lens will have two focal 
lengths at the same time, and when used in an imaging system, it will superimpose the images of both lenses. 
Passive multifocal contact lenses use this approach to help presbyopia patients. The brain filters out the 
unwanted image. Unfortunately, only 40% of all patients are able to get used to this type of lenses. 
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 By integrating into the lens described in section 2 a light modulating liquid crystal device (2-pixel display in the 
simplest case) whose pixels coincide with the different lens zones, it becomes possible to actively block the light 
crossing the undesired lens region. That way, the resulting image will only be formed by the ‘correct’ part of the 
lens. The system can be extended by having three or more lens zones with different power. To avoid the need for 
a polarizer, the guest-host liquid crystal mode can be used for the zone selector. This LC mode combines a 
moderate driving voltage with a sufficient modulation contrast, compatible with contact lens integration. 
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A novel pixel architecture of In-Plane Switching with vertically aligned (IPS-VA) liquid crystal cell designed in 
CEA-LETI provides a beam-steering behavior for small-angles. This cell is implemented in a large Field-Of-View 
(FOV) foveation optics in order to improve the compactness while keeping high performances. A foveated 
system is simulated with Zemax software in order to evaluate the maximum performances of this SLM in such 
system.  
Utilization of LCD could reduce complexity, size and price of wide FOV foveated optics system. Such system has 
been developed with LCD SLM (2048x2048 pixels) integrated in a monocentric optical system by Martinez et 
al.[1]. Harriman et al.[2] also developed an antiparallel aligned nematic liquid crystal SLM with (1280x1024 
pixels) for the same use [2]. Although, none of these SLM have pixel pitch below 15 µm and no IPS technology 
are used. A lower pixel pitch allows finer discretization of wavefront by using more pixels while keeping the size 
of the SLM constant.  
A new architecture of an IPS-VA LCD with 5 µm pixel pitch has been designed with LCDMaster 2D (Shintech Inc) 
with the FEM algorithm [3]. For an application as a Spatial Light Modulator (SLM) the performances of the 
Phase Shift/Optical Path Differences (OPD) and beam steering were investigated[4].  
In this work, simulations of foveated optics system integrating this new SLM are made with raytracing software. 
The simulations are aiming to determine the system size and appropriate pixel number to reach the desired 
performances.  
In a previous work, an ideal profile of phase shift/OPD has been simulated for 2 modules of 10 pixels at 550 
µm. With this two modules, the correction was done modulo 2π for a refracted ray angle less than 0,63° on 10 
pixels [4]. Taking into account these constraints, the maximum performances could be investigated in 
simulation by Zemax. The system in figure 1 is designed with a two steps approach. First, two spherical lens are 
chosen as a starting point for the optical system. The SLM, in idle state, is thus modeled as a plane-parallel 
plate. Lenses parameters (curvature(R), thickness (T)) are optimized in order to get the best image definition at 
the center of the field of view (dark blue) with the smallest spot size in order to use a small sensor. Secondly, 
the optimized parameters of the lenses are freezed and a polynomial function is applied to the front side of the 
SLM. The wavefront behavior is reproduced and optimized to reach the best focus of the edge rays (azure) The 
RMS spot size = 2µm, this size become compatible with several standard sensors pixel size. It is also a strong 
size improvement for such a system.  
